
passed a child health insurance bill, and we had to stop
enrolling children because we ran out ofmoney. It was
only at the very last moment, at this last special
legislative session, through extraordinary efforts by
some really committed folks in the governor's office,
that a deal was struck to expand the programme so we
could reopen enrolment. The programme provides
subsidised health insurance to children who do not
qualify for Medicaid for primary ambulatory care-not
hospital care, no medications, no high-tech procedures,
just basic routine care, getting the infection treated
before it turns into a major problem. It's a very narrow,
circumscribed programme. But we need to expand it to
all eligible children. The legislators chose children
because frankly, from a political standpoint, children
are easiest to sell. But as we discussed, there's so much
need for expanded access to programmes like this, even
before we get to comprehensive reform. It can be
effective, I think, in targeting the most needy popu-

lations and solving some of the biggest inequities in the
system. So I think we can push ahead with things like
insurance reform as we did in this legislative session-
community rating, eliminating pre-existing conditions.
We can push ahead with patchwork programmes like
child health. Any amount of resources we can commit
to that while we're trying to deal with the larger
issues-how we're going to control costs in the major
programmes and expand access and make sure that
quality doesn't suffer at the same time. We have to do
both.

So I'd look forward to a lot of beneficial changes. I'd
look forward to a more enlightened AIDS policy if we
get a change of administration in Washington. I would
hope even ifwe don't get a change ofadministration we
would get a more enlightened AIDS policy, but I don't
really see much prospect of that.

1 Chassin MR. Quality of care: time to act.JAMA 1991;266:472-3.
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Nobody mentions that the children of parents con-
scientious and careful enough to have their children
"immunized" will come out of any statistical test
better than the children of the comparatively careless.
Poverty, too, produces startling vital statistics which
can be turned to account by the exploiters of any
nostrum. If the jewellers had thought of claiming
that the possession of a gold watch and chain is an
infallible prophylactic against smallpox, their statistics
would have been quite as convincing as those of the
vaccinists.'

In this quote George Bernard Shaw deals with an issue
central to the interpretation of epidemiological studies:
how is it possible to decide whether a factor is causally
related to a health outcome, rather than simply being
associated with factors which are truly causal? In
epidemiological parlance, the issue at stake is that of
confounding. This is illustrated in figure 1. Imagine
that exposure A refers to smoking and exposure B
to yellow fingers and the outcome is lung cancer.
Through being associated with smoking, yellow
fingers will be related to lung cancer risk. In this case
interpretation is easy, yet how in general do we
separate such spurious associations from ones that
might be causal?
The issue is of more than parochial interest, since

general medical journals devote much of their space to
publishing the results of observational epidemiological
studies that examine whether there are health risks
associated with a particular exposure. It is not sur-

(Assocdation)

ExposA Outcome

} (Association)

Exposure B

FIG 1-Exposure A (for example, smoking) is associated with the
outcome (lung cancer risk); exposure B (yellow fingers) is associated
with exposure A -and hence to the outcome

prising, perhaps, that these reports attract consider-
able media attention-especially when they show
apparent hazards consequent on aspects of daily
life.2 Lately, for example, we have read that oral
contraceptives facilitate the acquisition of HIV infec-
tion3; that coronary heart disease risk seems to be
increased by drinking coffee,4 not drinking alcohol,'
allowing your teeth to rot6 or having had a low birth
weight7; that sloth predisposes to diabetes,8 that not
having received breast milk results in low intelligence,9
and that smoking is a cause of cervical cancer.'"
Regarding the first of these apparently. hazardous
activities, however, a different group of investigators
have more recently informed us that use of oral
contraceptives, far from facilitating transmission of
HIV, actually protects against the virus." In this article
we suggest that the phenomena bringing about these
contradictory findings may distort many of the epi-
demiological associations that have created excitement
regarding the possible identification offactors involved
in disease aetiology.

Confounding in practice
Epidemiological studies ofcervical cancer have, over

the years, identified a myriad of risk factors for the
disease; these have included not eating carrots, a
history of induced abortion, drinking alcohol, prac-
tising masturbation at an early age, low dietary intake
of folate, use of oral contraceptives, and high parity.
That a sexually transmissible agent is involved is now
generally accepted, but much attention has also been
given to cigarette smoking, with a large series ofstudies
having reported that smoking is associated with the
risk of cervical cancer.'2

If smoking is related to the risk of exposure to the
sexually transmissible agent, then the association
between smoking and cervical cancer could be due to
confounding by this agent: following the scheme of the
figure, exposure A would be the sexually transmitted
agent and exposure B would be cigarette smoking.
Much data indicate that this possibility should be
taken seriously. Cigarette smoking is, for example,
strongly associated (odds ratio of 7 2) with early loss of
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- inclzuding passive smoking-as a nrsk factor for

virginity'3 and with higher numbers of sexual partners
during early adulthood,'4 both of which would be
related to the risk of acquiring a sexually transmitted
infectious agent.

Confounding similar to that suggested between
smoking and exposure to a sexually transmitted agent
as putative risk factors for cervical cancer could occur

for the other associations mentioned above. Thus, lack
of physical activity is related to obesity; as obesity is a

powerful risk factor for diabetes in its own right the
relation between lack of physical activity and diabetes
could be due to confounding by obesity. Similarly, the
practice of providing breast milk is associated with a

host of social variables that could determine a child's
ability to score highly on an IQ test.

Dealing with confounding
The possibility that confounding could account for

observed associations in epidemiological studies is
generally dealt with through the statistical demon-
stration that the associations are "independent" of the
confounding factors.
The usual approach when seeking to establish the

"independence" of associations is to fit a multiple
regression model. When the occurrence of disease or

death is the outcome of interest, the logistic model or

the Cox proportional hazards model is generally used.
An exposure is said to be independently associated
with the outcome if the association remains after
the levels of other exposures are held fixed-
commonly termed "controlling" or "adjusting" for
other exposures. The statement that there is an asso-

ciation between physical activity and risk of diabetes
which is independent of obesity means that among

subjects with an equal degree of obesity those who
are less physically active are more likely to develop
diabetes than those who are more active. As a further
example, consider the first situation discussed in
relation to figure 1. Smoking is associated with lung
cancer risk. Yellow fingers are also associated with lung
cancer risk, but only because they are associated with
smoking. Because the association between yellow
fingers and lung cancer risk acts through smoking, the
association between yellow fingers and lung cancer risk
would disappear after the effect of smoking has been

controlled for. In contrast, smoking would remain
associated with lung cancer risk after the presence of
yellow fingers has been controlled for. Thus, in theory,
these methods can be used to identify exposures that
are independently related to risk of the outcome and
therefore possibly causal.

Limitations of this approach
The use of the approach outlined can, however,

produce misleading results. In particular, a situation
could arise in which an exposure seems to have an
association with risk of disease that is "independent" of
another exposure when this is not in fact the case. This
arises owing to the fact that when measuring an
exposure we do not always characterise it accurately.
Take, for example, systolic blood pressure. We might
measure this at a baseline screen in a group of subjects
who we plan to follow up to assess the incidence of
stroke. Systolic blood pressure is highly variable: when
it is measured on different occasions, different levels
are obtained. In epidemiological studies, however,
single readings of blood pressure are often used. Many
individuals will be characterised incorrectly in this
situation. Ifwe assume that the "usual" level of systolic
blood pressure, experienced over a long period of time,
is the most important aspect of blood pressure in
determining risk of stroke, then this is what should be
measured. This, however, is difficult to do in large
numbers of subjects. If only one measure in each
subject is taken then the exposure we have measured
and called "systolic blood pressure" is an imprecise
measure of what we really want to know.
Now imagine that in the same baseline screen in

which blood pressure was measured, study subjects
were given an electrocardiograph and they were
assessed for left ventricular hypertrophy, a condition
that frequently develops in people who suffer from
hypertension. If we find when analysing the results of
the study that left ventricular hypertrophy as well as
systolic blood pressure is apparently independently
associated with risk of stroke, as some studies have
suggested,5 16 we may be being misled. This is because
left ventricular hypertrophy serves as a marker of
usual systolic blood pressure, albeit an even cruder
one than a one off, direct measurement of blood
pressure. Each measure is therefore able to provide
some information about subjects' usual systolic blood
pressure (and hence their risk of stroke) over and above
that provided by the other. Thus the association
between left ventricular hypertrophy and risk of stroke
may remain after adjustment for systolic blood pres-
sure only because of the inadequacy of a single measure
of systolic blood pressure as a measure of usual systolic
blood pressure, and nothing more. In this situation,
the association between left ventricular hypertrophy
and risk of stroke after adjustment for systolic blood
pressure would be said to be due to residual con-
founding, a phenomenon the importance of which is
often underappreciated.'7 18

In the case of smoking and cervical cancer risk,
responses to questions regarding sexual behaviour are
used as proxy measures of risk of exposure to a sexually
transmitted agent which may be involved in the
aetiology of the disease. The association between
cervical cancer and smoking is examined after adjust-
ing for reported sexual behaviour. The independent
association that remains between cigarette smoking
and cervical cancer after such adjustment may be due
to the inadequacy of questions concerning sexual
activity as a measure of exposure to the sexually
transmitted agent. Similarly, the independent asso-
ciation between provision of breast milk and child's
IQ9 may arise because of the inadequacy of father's job
and mother's education as measures of the social

BMJ VOLUME 305 26 SEPTEMBER 1992

FIG 2 -Epidemiologtcal studies have
cervical cancer

758



factors that might determine a child's ability to score
highly on intelligence tests.'9

Finally, in the study that reported an independent
association between physical activity and risk of
diabetes after controlling for body mass index,8 body
mass index was based on self reported height and
weight. Given the strong associations between body
mass index and both physical activity and diabetes,
even the small amount of imprecision in assessment of
body mass index could be enough to produce a
spurious independent effect of physical activity.
This possibility is supported by the finding that the
increased risk of diabetes associated with low physical
activity is noticeably attenuated by adjustment for
body mass index, even when this is poorly charac-
terised by the self reports of height and weight.

Biological plausibility
Biological plausibility is often appealed to in the

interpretation of epidemiological associations.20 For
example, when discussing early masturbation as a risk
factor for cervical cancer Rotkin recognised that "a
reasonable physiological rationale" was required in
order to "warrant expansion of research" in the
directions his study indicated.2' This rationale existed
in the pathways from the nervous system to cervical
tissue, stimulation of which could promote cancer. It
is, perhaps, too easy to generate arguments regarding
the biological plausibility of epidemiological findings.
When the diametrically opposed associations between
oral contraceptive use and the risk of acquiring HIV
were identified, both research teams produced highly
plausible explanations for their findings.3"I It is the
exceptional epidemiological association for which no
mechanism can be proposed, with many associations
being safeguarded by not being obviously implausible.

Conclusions
It is likely that many of the associations identified in

epidemiological studies are due to confounding, often
by factors which are difficult to measure. Unfor-
tunately, investigators often have a relatively cavalier
approach to this possibility. The result is the genera-
tion of a multitude of risk factors for ill health,22
which are often greeted with substantial publicity,
followed by understandable public scepticism.23 The
first responsibility of investigators should be to retain
the proper degree of caution when interpreting and
discussing their findings.
A second response relates to the design of studies.

Many epidemiological associations are detected
through the analysis of data sets that were not estab-
lished to investigate the issue at hand. In such
situations it is likely that data will not have been
gathered on all, if any, relevant confounding factors.
This is one reason why what can be termed "unplanned
observations" are highly susceptible to the production
of spurious associations.24 Even when studies are
planned to investigate a particular issue, the problems
of confounding and, especially, residual confounding

are underappreciated. The optimal strategy is to
perform studies in populations in which the exposure
of interest and potential confounding factors are not
associated with each other.

This is often not possible, however, and as discussed
above, poor measurement of potential confounding
factors can lead to there being little possibility
of properly accounting for these factors during the
analysis stage.252 There is, however, a general tradi-
tion of designing studies that maximise the number of
subjects, who are examined only once. This strategy
may be misguided: the identification ofepidemiological
associations could often be better served by studies that
measure fewer subjects more than once and classify
both the exposure of interest and potential con-
founders more accurately.
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